Abstract: Microwave Assisted Extraction (MAE) was used to obtain aqueous extracts of Baltic seaweeds. Three different temperatures: 25, 40, 60°C were examined. Algal extracts were characterized in terms of polyphenols, microand macroelements, lipids content and antibacterial properties. This is the first study that examines the effect of algal extract obtained by MAE in plant cultivation. The utilitarian properties were checked in the germination tests on Lepidium sativum for three dilutions of extract (0.5, 2.5 and 10%). Results showed that the content of polyphenols in extracts decreased with temperature, whereas the content of micro-and macroalements increased with temperature. The aqueous extracts did not contain fatty acids and did not show inhibitory effect on Escherichia coli and Staphylococcus aureus. Germination tests showed that plants in the experimental groups with an optimal concentration of extract had a higher height, weight, chlorophyll and micro-and macroelement content than plants in the control group. The algal extracts did not significantly influence the morphology of plants as shown in SEM pictures. Results show that algal extracts obtained by MAE have the highest potential applied in agriculture as biostimulants.
Introduction
Microwave Assisted Extraction (MAE) is known to be a novel, green method of extraction of biologically active compounds from the algal biomass [1] . This method is an alternative to conventional liquid extraction which has some drawbacks, such as the use of high amounts of solvent and several extraction steps [2] . During MAE extraction, microwave radiation causes disruption of hydrogen bonds and the migration of dissolved ions. Therefore, the penetration of the solvent into the matrix is increased and the extraction of target compounds is facilitated [1] . MAE can be operated at high temperatures, thus increasing the diffusion rates of analytes from a solid sample into a solvent [3] . The main parameters in microwave assisted extraction are microwave power, time, algae type and temperature [2, 4] .
According to the literature data, MAE is used for the extraction of lipids (fatty acids, sterols), pigments: carotenoids (e.g., astaxanthin, fucoxanthin), chlorophylls and phenolic compounds. Organic solvents are used for their extraction. Water as a solvent is used for the extraction of polysaccharides (e.g., fucoidan, agar). Detailed information is presented in Table 1 . It is evident that this method is used for the extraction of a wide variety of compounds, which possess bioactive properties: antibacterial, anti-fungal, anti-viral, anti-oxidative, antiinflammatory and anti-tumor. These activities allow the use of algal extracts in many areas [5] . However, in the available literature algal extracts obtained by MAE were examined only in terms of anti-oxidative properties [6] [7] [8] [9] .
Microwave Assisted Extraction was selected as a method of production of algal extract for this paper. The biomass of marine seaweeds was used as a raw material for the production of extracts because it was an inexpensive resource along coastal areas of the Baltic Sea in Poland. The organic and inorganic composition of the obtained extract will determine its future application in plant (fertilizers, biostimulants, bioregulators), animal (feed additives) and human (food, cosmetics, pharmaceuticals) products. Deionized water was selected as a solvent for the extraction of biologically active compounds because it has a high dielectric constant (80.1), is characterized by a high heating rate and a high affinity for polar compounds [3, 10] . Wang and Weller (2006) indicated that solvents with a high dielectric constant such as water and polar solvents, which can absorb high microwave energy, are usually better solvents than nonpolar solvents [11] ; therefore water is a preferred solvent in MAE [3] . The use of organic solvents in MAE prevents the application of the obtained algal extracts directly in the plant cultivation.
In the present work, algal extracts obtained by MAE were characterized in terms of polyphenols, micro-and macroelements, lipids content and antibacterial properties. The utilitarian properties were examined in the germination tests on Lepidium sativum. The content of nutrients and chlorophyll in the cultivated plants was determined.
Additionally, the effect of algal extracts on plant morphology was analyzed using Scanning Electron Microscopy.
Experimental Procedure

Chemicals
Folin-Ciocalteu's phenol reagent, gallic acid and nitric acid 69% m m -1 , spectrally pure (Suprapur) were purchased from Merck KGaA (Darmstadt, Germany). Sodium carbonate (Na 2 CO 3 ), ethanol, methanol were purchased from POCH S.A. (Poland). All the reagents were of analytical grade and used without further purification. 
Collection of algae
Algae biomass (Polysiphonia, Ulva, Cladophora) from the Baltic Sea near Sopot (Poland)was collected for the experiments in August 2013. Biomass was obtained using two methods: it was collected directly from the water with a specially prepared charger which minimized the contamination of the raw material, as in sand. After the collection, the biomass was rinsed with water to purify it from the salt and sand. Following this process, impurities such as stones, sand, shells, pieces of wood were separated. Finally, the biomass was dried to 15% of moisture. The prepared and purified algal marine biomass was subjected to grinding to the particle size < 0.3 mm [12] .
Extract production
The algal powder and deionized water were placed in 
Characteristics of algal extract
Multielemental composition of algal extracts
The content of elements in algal extracts was determined by ICP-OES iCAP 6500 Duo, Thermo Scientific, USA. Quality assurance of the test results was achieved by using Combined Quality Control Standard from ULTRA SCIENTIFIC, USA. The samples were analyzed in three repetitions (the reported results were completed using the arithmetic mean, the relative standard deviation was < 5%). The samples of the algal biomass and cultivated plants (about 0.5 g) prior to the ICP-OES analysis were purified from organic matter with concentrated nitric acid (5 mL) in Teflon bombs in a microwave oven Milestone Start D (USA). After mineralization, samples were diluted with re-demineralized water (Millipore Simplicity) to 50 g.
Phenolic compounds in the algal extracts
Phenolic content of 100% MAE algal extracts was determined according to the modified procedure described by Sim et al. (2010) [13] . Gallic acid was used as a standard and a calibration curve was prepared with a range of concentration from 25 to 1000 mg L -1 . Different concentrations of the obtained gallic acid solution (0.1 mL) and negative control (methanol was used instead of gallic acid) were mixed with 7.9 mL of distilled water. Folin-Ciocalteu's phenol reagent (0.5 mL) was added to each sample. After 3 minutes, 1.5 mL of saturated sodium carbonate (Na 2 CO 3 ) solution was added to the mixture. The reaction mixtures were incubated for 30 minutes at 40°C. The blank contained only methanol. The absorbance was determined at 765 nm with a spectrophotometerVarian Cary 50 Conc. Instrument (Victoria, Australia). The gallic acid calibration plot was obtained by plotting the absorbance against the gallic acid concentration (mg L -1 ).
Antibacterial assay
Antibacterial activity was determined by the Kirby Bauer disk diffusion method. Two bacterial strains were used: gram-negative (Escherichia coli) and grampositive (Staphylococcus aureus). The bacterial inocula were grown overnight in a nutrient broth (Muller-Hinton agar medium). A small amount of bacteria (about 1−2 × 10 8 CFU mL) was taken using the inoculation loop. The bacterial inoculum was suspended in test tubes with a saline solution to obtain a suspension that matched the turbidity of a 0.5 McFarland standard. The diluted bacterial culture was placed on a Muller-Hinton agar medium and spread throughout the sterile Petri dishes using a sterile glass "L" rod. This formed the bacterial lawn. The paper discs of 10 mm in diameter (prepared from Whatman No. 1 filter paper) were soaked with the 10 µL of 100% of algal extracts. Petri dishes were incubated for 20 h at 37°C. Antibacterial activity was recorded by measuring the diameter of the zone of inhibition. Gentamicin (concentration 10 mg mL -1 ) was used as a positive reference.
Utilitarian properties of algal extracts 2.5.1 Germination tests -Petri dish tests
Germination tests were performed with Lepidium sativum to evaluate the utilitarian properties of Baltic seaweed extracts (concentrations: 0.5, 2.5 and 10%). Experiments were designed and performed in three replicates in Petri dishes (50 seeds), under standardized conditions -isolated box with adjustable lighting and temperature (temperature fluctuations ± 4°C) -Jacobsen apparatus. Before germination tests, the dishes with seeds were put into the refrigerator for stratification (3 days). After this period, each dish was watered with 5 mL of appropriate algal extract, and the control group was watered with the same volume of distilled water. After three days, all dishes were watered with extract/water one more time. Plants in a seedlings phase were weighed, and height measurements of aerial parts were carried out.
Chlorophyll content in the cultivated plants
The above-ground parts of cultivated Lepidium sativum were subjected to a methanolic extraction process for 30 min. In this process, a colored solution was obtained and was further analyzed by A UV-VIS spectrophotometer (Varian Cary 50 Conc. Instrument, Victoria, Australia), to determine the plant pigments. Measurements were made at wavelengths of λ = 663 and 645 nm. The concentration of total chlorophyll (Total Chl), Chl(a) and Chl(b) was determined from the equations [14] :
Total Chl = 8.02·A(663) + 20.2·A (645) (1)
SEM analysis of cultivated plants
Stalk, leaf -the internal and external parts of Lepidium sativum from the group MAE 40°C were examined using a Scanning Electron Microscope. The experiments were performed at Wrocław University of Environmental and Life Sciences (Electron Microscope Laboratory). The samples were observed and photographed with a Scanning Electron Microscope -EVO LS 15 Zeiss (Oberkochen,
Germany) operating at 20 kV. Plant samples were fixed in 4.0% glutaraldehyde (Sigma) (15 min., room temperature). All the samples were dehydrated by ethanol (from 30% to 100% concentration). Plant samples were mounted on an appropriate stub and thereafter gold-sputtered (using ScanCoat 2 -Oxford). For the test, a SE1 detector was used [15] .
Statistical analysis
The results were elaborated statistically by Statistica ver. 10 . Normality of distribution of experimental results was assessed by the Shapiro-Wilk test. On this basis, a statistical test was selected, which was used to investigate the significance of differences between the groups. The differences between the groups were investigated with a one-way analysis of variance (ANOVA) using the Tukey test. Results were considered significantly different when p < 0.05.
Results and Discussion
Characteristics of algal extracts obtained by MAE are presented in the present study. The presence of biologically active compounds in the examined extracts will determine their future application.
Characteristics of algal extract
Marine organisms are a valuable material for the extraction of biologically active compounds with biological properties. Baltic macroalgae are known to be rich in lipids, proteins, carbohydrates [16] and elements [17, 18] . They constitute a valuable material for further processing. Initially, a suitable extraction technique should be selected. This selection must be carried out in accordance with the predicted nature of the extracted bioactive compounds. The extraction parameters that might have a significant influence on the isolated compounds should be also tested [19] . The choice of extraction temperature for MAE includes not only its extraction efficiency for target components but also its destructive effect [8] . As an example, the extraction of polyphenols from Caulerpa racemosa by MAE decreased rapidly when the temperature was higher than 40°C [9] , whereas the extraction of polysaccharides from Enteromorpha prolifera by MAE increased with a rising temperature from 40°C to 70°C and gradually stabilized when the temperature was higher than 70°C [8] .
Multielemental composition of algal extracts
In Table 2 a multielemental composition of raw algal biomass and extracts obtained by MAE in three different temperatures (25, 40 and 60°C) is presented. The extract obtained at 60°C was most favourable regarding the elemental composition. Generally, there is a correlation as in the lower temperature of the extraction, the lower concentration of the elements in the final extract. The concentration of microelements in MAE 60°C was much higher than in MAE at 25°C. As an example, the concentration for Fe and Si was four times higher, Zn two times higher, B 44% higher, and Mn and Ni 22% higher. The greatest difference in reference to the macroelements was that S had a 25% higher concentration, Na a 19% higher concentration, and K, a 10% higher concentration. It should be noted that toxic elements were extracted from the raw algal biomass in small amounts by MAE. The multielemental composition of algal extracts obtained by different methods is rarely studied. Gireesh et al. (2011) , shows results for the Ulva lactuca extract (obtained by boiling with distilled water for an hour). This extract was richer in elements to include Cu, Si, Zn and P than the extract in the present study (MAE 60°C), but the concentration of Fe, Ca, K, Mg, Na, S was much lower than in the Baltic extract [20] . Möller and Smith (1998) ) as the extract obtained by MAE in the present study, but the content of microelements in the extract from the Baltic seaweed was lower [21] . The differences could result from the mineral composition of the raw biomass and used extraction technique.
Polyphenols in algal extracts
In the literature it was shown that MAE extracts contain polyphenols that have antioxidant properties. Their extraction can be conducted with the use of water as an extractant. Tierney et al. (2013) found that the use of water as the solvent for extraction of phenolic compounds from Irish macroalgae (Ascophyllum nodosum, Pelvetia canaliculata, Fucus spiralis and Ulva intestinalis) resulted in the highest extraction yields, when compared with other solvents -acetone/water (80:20) and ethanol/ water (80:20) . This reflects the hydrophilic nature of the majority of components (e.g., polysaccharides) found within macroalgal cells [22] . This statement was confirmed ). These results concur with other literature reports. Li et al. (2012) observed that the total phenolic content in ethanolic extracts obtained by MAE from Caulerpa racemosa increased between 20 and 40°C and decreased rapidly when the temperature was higher than 40°C [9] . These results indicated that lower temperatures enhanced the extraction yield to a certain level, and higher temperatures caused the decomposition of phenolic compounds [23] .
Fatty acids in algal extracts
Fatty acids were not extracted from the Baltic seaweed by MAE (GC analysis). They remained in the postextraction residue. For the extraction of lipids, organic solvents should be used separately or as a mixture (e.g., chloroform/methanol, hexane, n-heptane/isopropanol, hexane/acetonitrile/methanol).
Antibacterial properties of algal extracts
The literature did not address algal extracts obtained by microwave assisted extraction in terms of antibacterial activity. The present study tested the antibacterial activity of MAE extracts against two bacterial strains: gram-negative (Escherichia coli) and gram-positive (Staphylococcus aureus). No inhibitory activities of aqueous extracts from Baltic algae were observed. The literature data concerning antibacterial properties of aqueous algal extracts are divergent. Christobel's et al. (2011) work exhibited that a 100% aqueous extract of Ulva fasciata showed equal inhibitory action towards gram positive (10 mm zone of inhibition of Staphylococcus aureus) and gram negative bacteria (9 mm for Escherichia coli) [24] . Alghazeer et al. (2013) examined extracts obtained by extraction of dried algae powder (Ulva lactuca) with distilled water in a shaker incubator for 24 h at room temperature. The inhibition zone for both bacteria: Staphylococcus aureus and Escherichia coli was 12 mm [25] . Mansuya et al. (2010) showed that aqueous extracts of Ulva reticulata (obtained by Soxhlet extraction) did not inhibit the growth of Escherichia coli [26] . The same observations were noted by Selvi et al. (2001) . Aqueous extracts of Enteromorpha compressa, E. intestinalis, Ulva lactuca, U. fasciata showed trace antibacterial activity (for both strains: Staphylococcus aureus and Escherichia coli) [27] . Different antibacterial properties of algal extracts may have been due to the composition of a given alga, place and season of its collection and finally the used extraction method and parameters of extraction. For antibacterial properties, proteins, polyphenols, polysaccharides, pigments such as chlorophyll and carotenoids, the PUFAs extracted from biomass of algae are responsible [5] .
Utilitarian properties of algal extracts
Seaweed products exhibit growth stimulating activities, and it is known that the use of seaweed formulations as nutrient supplements, biostimulants or biofertilizers in agriculture and horticulture increase plant growth and yield [28] . However, there are no data regarding the application of algal extracts obtained by microwave assisted extraction in plant cultivation. The present study investigates the effect of MAE algal extracts on total height, dry weight, content of chlorophyll and nutrients and morphology of Lepidium sativum. For the germination experiments on cress, dilutions of the raw extract obtained by MAE in different temperatures were prepared (0.5, 2.5 and 10%). According to the literature, seaweed extracts are bioactive at low concentrations (diluted as 1:1000 or more) [29, 30] . The enhancement of the vegetative growth can be related to the composition of seaweed which is a rich source of macro-and microelement (Fe, Cu, Zn, Co, Mo, Mn and Ni), amino acid, vitamins, plant hormones (cytokinins, auxins, abscisic acid) that affect cellular metabolism of plants leading to enhanced growth and crop yield [29] .
Total height of the cultivated cress
For each MAE extract (obtained in 25, 40, 60°C), the height of plants (N = 20 from each group) was determined for all three dilutions (0.5, 2.5 and 10%). The studied extracts exhibited varying degrees of the stimulatory effect on the growth of cress seeds. In the case of extracts MAE 60°C and MAE 25°C it was found that with the decrease of algal extract concentration, the height of plant increased. The opposite observation was observed for the extract obtained by MAE at 40°C. The obtained results are as follows: MAE 60°C:0.5% (12.2 ± 3.0 cm) > 2.5% (10.9 ± 3.8 cm) > 10% (10.2 ± 3.8 cm) MAE 40°C:10% (13.8 ± 1.9 cm) > 2.5% (13.7 ± 1.7 cm) > 0.5% (13.6 ± 1.7 cm) MAE 25°C:2.5% (13.6 ± 3.1 cm) > 0.5% (13.3 ± 1.9 cm) > 10% (11.4 ± 3.2 cm) Plants in the experimental groups with an optimal concentration of the extract were taller than the plants in the control group (11.9 ± 2.5 cm). The best results were obtained for plants in MAE at 40°C:10% group -plants were 16% longer than in the control group. However, the differences were not statistically significant (for p < 0.05).
Similar results were obtained by Kavipriya et al. (2011) , who tested extracts obtained from green alga Ulva lactuca that were autoclaved at 121°C with distilled water. It was found that the lower concentration (0.1, 0.2, 0.3, 0.4 and 0.5%) of the applied extract correlated with a taller green gram (Vigna radiata) [31] .
Our previous experiments also confirmed that the lower concentration of algal extract obtained from Enteromorpha sp. by hydrolysis with 1 M KOH (10, 5 and 2.5%), the longer the plants of Lepidium sativum [32] . In the work of Latique et al. (2013) , both treatments with 25% and 50% of Ulva rigida extract (obtained by boiling fresh biomass in distilled water) provided the significant effects on plant growth of bean plants (Phaseolus vulgaris L.); however, the maximum effect was found with 25% treatment [33] . The low concentration -20% (selected from the series of concentrations: 5, 10, 20, 30, 40 and 50%) of aqueous seaweed extract, obtained by boiling Ulva lactuca in distilled water, promoted seedling growth in terms of shoot and root length of Vigna unguiculata L. Walp. Higher concentrations (≥ 40%) inhibited germination [20] .
Weight of the cultivated plants
In the present study, the dry mass of the cultivated plants was comparable in all groups, taking into account both the temperature of extraction and the dilutions of the extract. For MAE at 60°C, the average mass for all dilutions was 0.0664 ± 0.0020 g of dry mass, for MAE at 40°C 0.0664 ± 0.0027 g, for MAE at 25°C 0.0618 ± 0.0031 g. There was no observation of the algal extract concentration on the dry weight of Lepidium sativum. Gireesh et al. (2011) found that the low concentration (20%) of aqueous seaweed extract from Ulva lactuca promoted dry weight of Vigna unguiculata L. Walp. (above this concentration -30, 40 and 50%, dry weight of plants was lowered). For the 20% concentration, the dry weight of V. unguiculata was 9% higher than in the control group [20] . Similarly, our work showed that algal extracts weakly affected the increase in plant biomass.
Multielemental composition of the cultivated cress
The literature showed that the application of algal extracts could increase the content of micro-and macroalements in cultivated plants. Results in the work of Shaaban et al. (2010) showed that the best concentrations of macronutrients in wheat plants were achieved by the algal extract (Scenedesmus sp.) treatments or the higher dose of the micronutrient fertilizer. However, the best uptake, nutrient balance and dry matter accumulation was recorded with combined algal extract and micronutrient fertilizer treatment [34] . In the present study, the multielemental composition of Lepidium sativum was most affected by the application of the following extracts: MAE 60°C (10% extract), MAE 40°C (10%) MAE 25°C (2.5%) taking into account the content of micro-and macroelements (Table 3) . Among these three extracts, the best properties had extract MAE at 25°C (2.5%). The content of B (0.55%), Cu (31%), Mn (22%), Mo (19%), Ni (23 times), Zn (71%), K (2%), Mg (1%), P (5%) and S (13%) was higher in this experimental group than in the control. The results showed that the obtained seaweed extract can act as a nontoxic and eco-friendly biostimulant which can constitute a supplement to chemical fertilizer. In places, where the use of inorganic fertilizers is not encouraged in agriculture farming, the application of algae derived products might be a good approach to replace the extensive use of inorganic fertilizers [30] .
Chlorophyll content in the cultivated cress
The concentrations of chlorophyll in the cultivated plants are presented in Table 4 . For all dilutions of MAE extracts (0.5, 2.5 and 10%), the highest content of total chlorophyll, Chl(a) and Chl(b) in Lepidium sativum was for extract: MAE at 60°C > MAE at 40°C > MAE at 25°C. Taking into account the concentration of the extract, the best was 2.5%, then 0.5% and finally 10% for MAE at 60°C and 40°C. For MAE at 25°C, the order was as follows: 10% > 0.5% > 2.5%. In most cases, the total chlorophyll concentration in Lepidium sativum from the experimental group was higher than in the control group. The highest difference -12.5% was between the control group and MAE at 60°C (2.5%). ) and consequently in extracts might have influenced the synthesis of chlorophyll. Latique et al. (2013) also observed that the foliar application of a 25% aqueous extract of Ulva rigida enhanced chlorophyll content in leaves of plants when compared to plants in the control group, particularly for chlorophyll [33] . Pise and Sabale (2010) showed that extracts obtained from Ulva by three different methods (using blender and then mortar pestle, by boiling in distilled water for one hour and by soaking in distilled water for two days) influenced photosynthetic pigments percentage in fenugreek (Trigonella foenum-graecum L.) [35] . Gireesh et al. (2011) also noticed that lower concentrations of the aqueous Ulva lactuca extract promoted the chlorophyll content of Vigna unguiculata up to 20% when compared to the control, while higher concentrations (> 20%) decreased the chlorophyll content [20] .
SEM analysis of cultivated plants
In order to evaluate the effect of MAE extracts on plant morphology, stalk, leaf -the internal and external part of Lepidium sativum were examined by using a Scanning Electron Microscope. SEM observations for two magnifications (500 and 2000) are presented in Fig. 1 . As an example, MAE at 40°C was selected. Morphological studies showed a shrinkage of the surface layer of the stalk treated with the aqueous extract (Fig. 1a) . There was no effect of the MAE extract on the morphology of the internal part of leaf (stoma) (Fig. 1b) . SEM photographs of the external part of leaf showed shrinkage of cuticle (Fig. 1c) . The observed changes had no influence on the growth of the plants.
Conclusions
In the present paper, microwave assisted extraction at three different temperatures (25, 40, 60°C) was used to obtain natural, non-toxic extracts from the biomass of Baltic macroalge. The extracts were characterized using different analytical techniques. The extraction temperature influenced the composition of the obtained products. It was observed that there was a correlation of the lower temperature of the extraction showing a lower concentration of the micro-and macroelements in the final extract. Low temperatures favored the extraction of polyphenols (higher temperatures caused the decomposition of phenolic compounds). Algal extracts obtained by MAE did not contain fatty acids and antibacterial activity.
More promising results were obtained for germination tests with the use of algal extracts. It was shown that the obtained products positively influenced height, weight, multielemental composition and the content of chlorophyll in the cultivated Lepidium sativum when compared with the control group. However, it is difficult to clearly state which extraction temperature (25, 40, 60°C) and which dilution of the initial extract (0.5, 2.5 and 10%) was the best in terms of plant growth parameters and the composition of the biomass. Plants were the highest for 10% MAE at 40°C. The heaviest plants were observed in the group with an extract obtained by MAE at 40 and 60°C, dilution had no effect. Taking into account the multielemental composition of Lepidium sativum the best option was the application of 2.5% MAE at 25°C. Chlorophyll content in the plants was influenced to the highest extent by 2.5% MAE at 60°C.
The presented results suggested that MAE algal extracts can induce stronger seed germination and plant growth parameters. Seaweed extract obtained from Polysiphonia, Ulva, Cladophora rich in nutrients and polyphenols can be recommended to the growers as a natural product which will increase germination, growth and yield of cultivable plants.
